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合，直接在 n 型硅表面利用电沉积方法制备 Cu 的微结构的新方法，该方法制备
的铜微结构的复制分辨率达到 0.6%。第四章和第五章分别介绍 ZnO 纳米棒和
Au 纳米粒子的图案化自组装，并且通过理论模型的搭建，分析了图案化自组装




接制备铜微结构的方法。通过对镀液体系、沉积电位的优化，发现 0.5 M CuSO4 
























素有关，通过 WCA 和 AFM 的表征，发现 ZnO 在低表面自由能，均匀颗粒状的
基底上较溶液成核，且成核密度高，具体到论文中采用的三种基底(Au，ITO，
Si)的成核速度大小顺序为 Au>ITO>>Si，该成核速度差异是构建 ZnO-NRs 的图
案化阵列的基础。相同浓度的前驱物种浓度，在 Au 上生长的 ZnO 纳米棒直径较
小(80-100 nm)，密度 高，沿基底垂直生长取向非常好；当基底为 ITO 时，生
长的ZnO纳米棒直径较大(200～400 nm),，但是沿 ITO基底垂直生长的取向较差，
密度低；当基底为 Si 时，生长的 ZnO 纳米棒不仅密度低，取向差，ZnO 纳米棒
的形貌也不一致。即 ZnO 在三种表面的成核速度大小为 Au>ITO>>Si。 
通过前驱物种慢速成核区的浓度分布建立 ZnO 在不同材料基底表面的选择
性生长的模型，发现 ZnO 纳米棒阵列选择性生长可以通过反应物种浓度，基底
图案阵列的尺寸及沉积电位进行调节。当基底为图案化的 Au/ITO 时，ZnO 在异
相成核过程中，优先在快速成核区 Au 上成核，之后由于前驱物种的扩散作用，
在合适前驱物种浓度下，慢速成核区 ITO 的成核被完全抑制， 终获得 ZnO 纳
米棒阵列的选择性生长。由于 ZnO 在 Au 和 ITO 的成核速度差异较小，因此，
ZnO 纳米棒的选择性可通过调整前驱物种浓度而出现三种生长方式，即完全选择
性生长、部分选择性生长和无选择性生长。当基底为图案化的 Au/Si 时，由于
ZnO 在 Au 和 Si 的成核速度差异很大，即使在高浓度下(文中为 100 mM)，前驱
物种的扩散作用很小时，但由于 ZnO 在 Si 上的成核密度依然非常低，因此，ZnO

















度。当电位负移至-0.7V 时，ZnO 纳米棒的选择性生长消失。 
利用电化学沉积生长 ZnO 纳米棒时，由于电化学能够提高前驱物种的浓度
和 ZnO 在基底的成核密度及生长速度，因此通过控制合适的沉积电位，可对 ZnO
纳米棒的选择性生长进行调节。如化学法下可获得 ZnO 纳米棒的选择性生长的
体系条件，当只施加电位至-0.7 V(vs. SCE)时，ZnO 纳米棒的选择性生长消失。
另外，在低浓度混合溶液中(如 25 mM)时化学沉积无法获得选择性生长，施加电
位-0.55 V(vs. SCE)时，则可以获得由 ZnO 纳米棒阵列组成的图案。 
3．运用化学湿印章技术对组装氨基硅烷的 ITO 表面选择性化学衍生，利用
琼脂糖中存储的 HNO2 对-NH2 化的表面化学衍生后，发现金纳米粒子在衍生后
的表面的组装密度增大。当琼脂糖凝胶模板表面具有微长方柱结构时，其表现出
边缘密度增强的自组装效应。 
存储 0.2 M 的 HNO2 琼脂糖凝胶模板与 NH2-ITO 发生接触反应后，新的表
面组装 Au 纳米粒子的密度增大，且增强的密度与接触时间在 20 分钟内成线性
关系， 高密度可达到 900 particles/m2 左右。密度增强的化学原因还有待进一






















The fabrication of micro/nanostructures places an important role in the 
micro/nanotechnology, which is the basis of the application of micro/nanodevice. To 
develop a simple method to fabricate micro/nanostructures in a low cost and large 
scale has attracted extensive interest. Nanomaterials are the focus of much attention 
due to their astonishing physicochemical properties and numerous potential 
applications in micro/nanotechnology. The properties of nanomaterials are dependent 
on not only the size, but also the structure and their arrangement. Thus, the most 
important and challenging part for the application of nanomaterials to the devices is 
how to organize them with precise control of their position and structure  
In this thesis, the “bottom to up” approaches to fabricate metal microstructures 
and to fabricate patterns of nanomaterials have been investigated by Electrochemical 
Wet Stamping Technique (E-WETS) and Reaction-Diffusion technique using the 
agarose gel as a stamp. 
The thesis is divided into five chapters and organized as follows: Chap. 1 
introduces the fabrication of metal microstrutures in industry and the controllable self 
assembling technique in industry. The cases of synthesis of ZnO nanorods and self 
assembly of Au nanoparticles are taken for examples. Chap. 2 introduces the 
experimental instruments and the details. The Water-Vapor Condensation method is 
introduced to characterize the ITO substrate modified with amino groups and the 
results is related those results from the measurement of XPS. Chap. 3 addresses the 
new method to directly fabricate Cu microstructures with a high resolution of 0.6% on 
n-Si (111) using E-WETS technique. Chap. 4 and Chap. 5 focus on the hydrothermal 
synthesis of ZnO nanorods and self assembly of Au nanoparticles, respectively. The 
selective growth of ZnO nanorods on Au micropatterned substrate is dependent on the 
concentration of HMT and Zn(NO3)2. The self assembly of Au nanoparticles shows 
an edge-enhanced density on the border of chemically modified and unmodified 
NH2-ITO substrate. Chap. 6 introduces the outlook of the agarose gel stamp and 
















1. Cu microstructures were selectively deposited on n-Si (111) by combining 
micropatterned agarose gel stamp with electrochemical deposition. A high replication 
resolution (0.6%), Very smooth Cu microstructures were achived and the thickness 
was adjusted by optimizing the component of electrolyte and the electrodeposition 
potential. The investigation of Cu2+ diffusion in micropatterned agarose gel indicates 
that the uiform growth rate of copper thickness, which was attributed to the constant 
diffusion rate of Cu2+. 
2. Based on different nucleation rates of ZnO on Au, ITO and Si surface in the 
hydrothermal process, ZnO nanorods pattern has been fabricated on a Au 
micropatterned substrate without using SAMs or ZnO seed layer. The nanorod 
patterns were characterized by XRD and PL. The investigation of the field emission 
properties of the array of ZnO nanorods also shows a good field enhancement 
behavior. The turn-on field and  value was measured 6.0 V/µm and 1027. 
The nucleation rate was governed by surface-free energy, morphology and 
roughness of the substrate. The contact angle measurement was carried out on the 
bare ITO surface and sputtering Au film respectively to determine surface energy and 
indicate that ZnO preferred to nucleate on low-energy surface of Au surface rather 
than ITO. Surface roughness or the morphology of the Au patterned ITO substrate 
was also characterized by AFM. ITO surface has an irregular domain structure with 
ravine, while Au surface shows a regular grain structure which could provide more 
nuclei sites and promote the hetero-nucleation of ZnO nanorods from aqueous. SEM 
images show that ZnO nanorods with a smaller diameter (80～100 nm) grow on the 
Au film. The density of ZnO nanorodes on Au is much higher than those on bare ITO 
substrate with an average diameter of 200～400nm. Thus, we can conclude that the 
nucleation rate of ZnO follows the order as: Au>ITO>>Si 
Concentration profile of precursors on slow nucleation region was calculated to 
demonstrate the mode of selective growth of ZnO nanorods on Au micropatterned 
ITO substrate. It was found that the selectivity of ZnO nanorods growth on Au 
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